The presence and regulation by hyperosmotic medium of the ouabain-sensitive (Na++K+)ATPase of the Malpighian tubule cells of Rhodnius prolixus was investigated. The ouabain-sensitive (Na++K+)ATPase activity was 5.4 ± 0.5 nmol Pi x m g-1 x m in-1. Vanadate 100 piM completely abolished this ATPase activity. In hyperosmotic medium, obtained by addi tion of 180 mM mannitol, the (Na++K+)ATPase activity was inhibited by 60%. When the cell lysates were preincubated in hyperosmotic medium for 30 minutes and the ATPase activity was assayed in isosmotic medium, the (Na++K+)ATPase activity was not modified. Addition of 50 ng/ml sphingosine, a protein kinase C inhibitor, abolished the inhibition of (N a++K+)ATPase activity in hyperosmotic medium. Furtherm ore, phorbol ester (TPA), an activator of protein kinase C, mimicked the effect of hyperosmotic shock on (N a++K+)ATPase activity. The increase in Ca2+ concentration decreased the (Na++K+)ATPase activity by 60% in isosmotic medium, with maximal effect obtained in 10-6 m Ca2+. No effect was observed in hyperosmotic medium. The inhibitory effect of Ca2+ on the (Na++K+)ATPase was not reversed by sphingo sine. These results indicate that the ouabain-sensitive (Na++K +) ATPase activity of the Malpigh ian tubule is regulated by both increasing Ca2+ concentration and by the osmolality of the me dium by different and integrative ways.
Introduction
(N a+-t-K+)ATPase is a crucial mechanism to the survival of most cells (Sweadner, 1989) . The en zyme is an integral plasma membrane protein which actively transports three N a+ to the outside of the cell and two K+ to the inside, maintaining the electrochemical gradient across the cell m em brane (Sweadner, 1989) . This enzyme consists of two noncovalently linked subunits in an equimolar ratio: a and ß (Xie and Morimoto, 1995) The Malpighian tubule cells of the bloodsucking insects are exposed to different osmolalities that depend on the feed state of the animal (Beyenbach and Petzel, 1987; Nicolson, 1993) . After a blood meal the osmolality of the hemolymph is decreased because the osmolality of the blood is lower than that of the hemolymph. On the other hand, during starvation the osmolality of the hem olymph is increased. So cell volume regulation is a crucial mechanism for the survival of the Mal pighian tubule cells. In isosmotic conditions, cell volum e regulation is explained by a "pump-leak" hypothesis in which the (N a++K+)ATPase is cru cial for maintaining N a+ and K+ gradients (Leaf,
Insects
Rhodnius prolixus Stal, 1859 (Hemiptera:Reduviidae), a bloodsucking insect, the vector of Chagas's disease, was obtained from a colony main tained in the Biochemistry Department by Dr. Hatisaburo Masuda. The insects were maintained at 28 °C and 70-80% relative humidity.
Preparation o f Malpighian tubule cell lysates
Adult male Rhodnius prolixus, fasted for 5 weeks, were used. Malpighian tubules were dis sected with thin tweezers (Dum ont # 5) under a stereomicroscope. After dissection, the cells were lysed by homogenization of the tubules in cold isosm otic solution (pH 7.0) employing a Teflon and glass homogenizer and used immediately. 
Regulation o f (Na++ K +)ATPase activity by hyperosm otic medium
In a previous paper we showed that ouabain did not change the cell volume regulation of the Mal pighian tubule of Rhodnius neglectus during hyp erosmotic shock (Arenstein et al., 1995). Because (N a++K+)ATPase was inhibited during hyperos motic shock, this could explain the absence of the effect of ouabain. We observed that the increase Table I . Effect of ouabain 1 mM on the ATPase activity of cell lysates from Malpighian tubules of Rhodnius p ro lixus.
ATPase activity (nmol Pi x mg"1 x m in-1) a. N a+ + K+ 18.0 ± 1.9 b. N a+ + K+ + ouabain 12.1 ± 1.5* ( b -a ) 5.4 ± 0.5
All assays were carried out in the presence of MgCl2 10 mM, ATP (as sodium salt) 5 mM, NaCl 90 mM, KCl 20 mM, Hepes-Tris (pH 7.0) 20 mM, oligomycin 2 ng/ml and EGTA 1 mM. The ouabain-sensitive ATPase activity was calculated as the difference between the ATPase ac tivity in the absence and in the presence of 1 mM oua bain. The difference was calculated by paired data. The data are expressed as means ± SE (n = 19). *P < 0.01. Figure 1A shows that sphingosine 50 ng/ml not only suppressed the inhibition of (N a++K+)-ATPase activity by hyperosmotic shock but also promoted a 33% increase in its activity. To confirm that PKC is involved in the inhibition of the (N a++K+)ATPase activity, we tested the effect of TPA on enzyme activity (Fig. IB). (N a++K+)-ATPase activity was 50% inhibited in isosmotic so lutions when TPA 20 ng/ml was added. The inhibi tion of the (N a++K+)ATPase activity was similar to that obtained by hyperosmotic shock. On the other hand, in hyperosmotic medium TPA 20 ng/ ml did not change the enzyme activity.
Recently, we observed in Malpighian tubule cells of Rhodnius that cell volume regulation in + + TPA TPA Fig. 1 . Effect of sphingosine 50 ng/ml (A) and of phorbol ester (TPA) 20 ng/ml (B) on the (Na++K+)ATPase activ ity in isosmotic or hyperosmotic medium. ATPase activity was measured as described in Materials and Methods. The reaction was run in isosmotic or hyp erosmotic medium made by addition of mannitol to a final osmolality of 500 mOsm/Kg. Sphingosine (Sph) 50 ng/ml or TPA 20 ng/ml was added when indicated. The data are expressed as means ± SE and percentage of the control (n=5). ^Statistical significance in relation to the control (p < 0.05). The (N a++K+)ATPase activity in isosmotic condition was 5.9 ± 0.6 nmol Pi x m g-1 x m in-1.
volves an increase in the intracellular Ca2+ (Arenstein et al., 1995). Since, it has also been de scribed that Ca2+ inhibits the (N a++K+)ATPase from different tissues of several animals, it is pos sible that Ca2+ could be involved in the inhibition of the (N a++K+)ATPase during osm otic shock (Rodrigo and Novoa, 1992 ). An increase in the Ca2+ concentration from 10-9 to 10~4 m , in isos motic medium, inhibited the (N a++K+)ATPase ac tivity by 60%. The maximal effect was obtained in the presence of Ca2+ 10~6 m (Fig. 2) . The (N a++K +)ATPase activity in hyperosmotic me- Fig. 2 . M odulation of the (Na++K+) ATPase activity by Ca2+ in isosmotic or hyperosmotic medium. ATPase activity was measured as described in Materials and Methods. CaCl2 was added to achieve the free Ca2+ concentrations indicated in the Figure. The reaction was run in isosmotic or hyperosmotic medium made by addi tion of mannitol to a final osmolality of 500 mOsm/Kg. The data are expressed as means ± SE and percentage of the control («=5). ^Statistical significance in relation to the control (p < 0.05). The (Na++K+)ATPase activity in isosmotic condition was 5.4 ± 0.5 nmol Pi x mg-1 x m in-1.
dium (2.19 ± 0.34 nmol Pi x min-1 x m g-1) was lower than in isosmotic medium (5.84 ± 0.53 nmol Pi x m in-1 x m g-1)
. In hyperosmotic medium, the addition of Ca2+ in the same range of concentra tion did not change the (N a++K+)ATPase activity (Fig. 2) . So, in hyperosmotic medium, Ca2+ was not able to promote additional inhibition of the (N a++K+)ATPase activity. To determine if the effect of Ca2+ on the (N a++K +)ATPase activity could be due to the acti vation of protein kinase C, we performed experi ments in the presence of either sphingosine or TPA. In Fig. 3 , it can be seen that the simultaneous addition of Ca2+ 1 \im and TPA 20 ng/ml did not have additive effects on the (N a++K+)ATPase ac tivity by isosmotic and hyperosmotic media. Fig. 3 shows that sphingosine did not change the effect of Ca2+ 1(im in isosmotic medium. On the other hand, the inhibition of the (N a++K+)ATPase activ ity observed in hyperosmotic medium in the pres ence of Ca2+, was completely abolished by sphin gosine.
Discussion
In this paper we examine the regulation of (N a++K+)ATPase activity of Malpighian tubules Fig. 3 . Modulation of the Ca2+ effect on the (N a++K+)ATPase activity by sphingosine 50 ng/ml (Sph) (A) and phorbol ester 20 ng/ml (TPA) (B) in hyperos motic medium. ATPase activity was measured as described in Materials and Methods. CaCl2 was added to a final free Ca2+ con centration of 1 fxM when indicated in the Figure. The medium in the absence of Ca2+ was made by addition of EG TA 1 mM. The reaction was run in isosmotic or hyperosmotic medium made by addition of mannitol to a final osmolality of 500 mOsm/Kg. The data are ex pressed as means ± SE and percentage of the control (n=5). *Statistical significance in relation to the control (p < 0.05). The (Na++K+)ATPase activity in isosmotic condition was 5.6 ± 0.4 nmol Pi x mg-1 x m in-1. (Newton, 1995) . This hy pothesis is favored by the observation that Ca2+ did not change the ATPase activity in hyperos motic medium and did not have an additive effect with TPA in either isosmotic or hyperosmotic m e dium. However, the possibility that inhibition of the (N a++K+)ATPase promoted by increasing the medium osmolality could be correlated to the increase in Ca2+ concentration seems not to be true since our experiments were performed in the presence of EGTA 1 mM and sphingosine did not change the Ca2+ effect on the ATPase activity in isosmotic medium.
Taken together these data suggest that the (N a++K+)ATPase of the Malpighian tubule of Rhodnius is inhibited by increasing the osmolality and also by Ca2+ in different and integrated ways.
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